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Objectives: To assess the effect of exhaustive xercise on neutrophil activation and degranulation in claudicants and 
controls. We investigated the hypothesis that neutrophil activation and degranulation are normal responses to exhaustive 
exercise in healthy patients. 
Design: This was a controlled experimental two-group study. 
Materials: Exercise was performed using a fixed workload treadmill test. Neutrophil activation was assessed by flow 
cytometry of whole blood labelled with anti-CDllb mouse IgG, and neutrophil degranulation in terms of plasma elastase 
measured by enzyme-linked immunosorbent assay. 
Methods: Twenty-eight claudicants with stage 1 chronic leg ischaemia, and 22 healthy controls were recruited. Blood 
and urine samples were collected before and after treadmill exercise. Claudicants exercised to their maximum walking 
distance, and controls at a higher "fatigue" workload for a maximum of 20 rain. 
Results: Exercise produced a brief but significant neutrophilia in both groups. Neutrophil CD11b expression increased 
significantly after exercise only in the claudicants, and was associated with a significant rise in plasma neutrophil elastase. 
These indices remained unchanged in the control group at all time points despite exercise at a fatigue level. 
Conclusion: The inflammatory esponse associated with exercise in claudicants is not simply a physiological response to 
exhaustive exercise. 
Key Words: Neutrophils; Vascular diseases/pp; Exercise therapy. 
Introduction 
The treatment of mild-to-moderate claudication is 
often based solely on basic advice to the patient o "stop 
smoking and keep walking". 1Although approximately 
75% of claudicants appear to stabilise soon after the 
onset of their disease, 25% experience deteriorating 
symptoms usually requiring intervention. 2 But per- 
haps more importantly, the mortality of claudicants i
approximately three times greater than that of the 
general population. 3 Three-quarters of these deaths 
are cardiovascular in aetiology. 3 The excess mortality 
of claudicants cannot be fully explained by traditional 
risk factors, and evidence implicating the neutrophil 
in the pathogenesis of vascular disease is ac- 
cumulating. 4-6 In recent years several studies have 
demonstrated that exercise in claudicants i associated 
with potentially harmful systemic effects involving the 
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generation of oxygen derived free radicals, 7'8 neutro- 
phil activation, 9'1° thromboxane production, 11endo- 
thelial damage, 12'13 and microalbuminuria. ~4 However, 
exercise training for patients with peripheral vascular 
disease has been shown to increase the walking dis- 
tance of claudicants 15 and to improve certain rheo- 
logical properties of blood. 16 Exercise is associated in 
general with a reduction in mortality from all causes. 17 
However, there is no data to demonstrate the long- 
term effects of exercise therapy in claudicants, and its 
influence on cardiovascular morbidity and mortality 
remain unknown. 
Previous studies looking at the systemic mani- 
festations of exercise in patients with peripheral vas- 
cular disease have been incomplete in that the control 
groups were not exercised beyond that of the clau- 
dicants.7,8,11 3 People without vascular disease have 
the capacity to exercise at a higher workload than 
claudicants, and it is recognised that more extreme 
exercise may be associated with systemic effects uch 
as leucocytosis,  an increase in creatine kinase 19 (re- 
flecting muscle damage), free radical production, 2°
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Table 1. Demographic data for claudicants and control group. 
Claudicants Controls p 
No. 28 22 
Sex men:women 21:7 11:11 
Age (years) 69 (46-80) 59 (49-79) 
Active smokers 4 3 >0.5t 
Ex-smokers 20 8 
Total pack years 933 255 <0.01" 
Pre-test ABPI 0.75 (0.41-1.08) 1.16 (1.0-1.6) <0.01" 
Post-test ABPI 0.72 (0.29-1.0) 1.16 (0.84-1.56) <0.01" 
Values are median (range). * Mann Whitney U-test. ~ Z 2 = 0.01, 1 d.f. 
p<0.5. 
oxidative stress, 21 and change to the blood level of 
antioxidants. 19 However, the effect of more extreme 
exercise on the functional state of the neutrophil in 
asymptomatic healthy patients is less well known, 
although ighly relevant in the light of previous tud- 
ies. The aim of our study was, therefore, to assess the 
markers of neutrophil activation and degranulation 
following standard treadmill exercise in claudicants, 
compared to a control group exercised to a fatigue 
level. Neutrophil activation and degranulation are 
pivotal events in ischaemia-reperfusion injury me- 
diated endothelial damage. 22 
Methods 
Ethical approval was obtained for the study, and in- 
formed consent given by each participant. Twenty- 
eight claudicants with predominantly unilateral peri- 
pheral vascular disease were selected from vascular 
outpatient clinics. All participants had angio- 
graphically proven stenosis or occlusion to the iliac or 
femoropopliteal segments of the lower limb. Twenty- 
four claudicants had a history of smoking, but only 
four were active smokers. 
Twenty-two control subjects, with no previous his- 
tory of claudication, were selected from patients or 
their relatives attending a general surgery pre-assess- 
ment unit for minor surgery. Eight controls had a 
history of smoking, and three were active smokers 
(Table 1). Participants were excluded if on medication 
likely to interfere with neutrophil function (e.g. cal- 
cium antagonists), those with uncontrolled hyper- 
tension, inflammatory disorder, or exercise limited by 
angina or chronic obstructive airways disease. 
All assessments were performed in the morning to 
avoid diurnal variation. Subjects were asked to refrain 
from smoking 12 h prior to the tests. Blood samples 
were collected for measurement of total neutrophil 
count, neutrophil CD11b expression, and neutrophil 
elastase. All venepunctures were performed, using 
minimal tourniquet pressure, from different sites in 
either antecubital fossa, into a sterile tube containing 
ethylene-diamine-tetra-acetic acid (K÷-EDTA, 7.5% in 
2ml tube) as anticoagulant. On arrival in the de- 
partment participants undertook a fixed rest period of 
I h, lying supine. The baseline blood samples were then 
obtained, and the pre-exercise ankle-brachial pressure 
index (ABPI) was recorded. 
A fixed work load treadmill test was performed 
according to the following protocol; claudicants were 
exercised at 2.5 kilometres per hour (km/h) on a 
10 ° gradient until the maximum treadmill walking 
distance was reached. Controls were exercised at a 
much higher workload of 5 km/h and 20 ° gradient, to 
stimulate xhaustive exercise, for 20 min. This protocol 
was chosen for the control group because it produced 
a similar index of fatigue to the claudicants, measured 
on a visual analogue scale, during our preliminary 
studies. 
Post-exercise participants rested supine for 60 min. 
The ABPI was recorded immediately, and further 
blood samples were collected after 5, 30, and 60 min 
post-exercise. 
The neutrophils were labelled within 5 rain of sam- 
pling with a mouse IgG FITC labelled CD11b mono- 
clonal antibody (Sigma Chemical Company, Poole, 
Dorset). Neutrophil CD11b expression was analysed 
within 6 h, using a flow cytometer (Epics-XL. Coulter 
Electronics, U.K.), as previously described, 23using ac- 
quisition software (XL2. Coulter Electronics, U.K.). 
The neutrophil populations from the samples were 
identified from their patterns of forward and side 
scatter of light which enables gating on the neutrophils 
alone. The median channel fluorescence of the neutro- 
phil population was determined for each sample and 
its intensity compared to that of cells labelled with a 
non-specific antibody. 
Plasma samples, from the same time points, were 
snap-frozen in liquid nitrogen, and stored at -80  °C 
for subsequent batch analysis of neutrophil elastase, 
in complex with c,~ proteinase inhibitor, by enzyme 
linked immunosorbent assay (Merck, U.K.). The pre- 
cision within runs was 4.3% and between runs 4.7%. 
Statistical analysis 
The results are expressed as median (interquartile 
range). Non-parametric tests were used to measure 
inter-group (Mann-Whitney U-test) and intra-group 
(Wilcoxon signed-rank test) variation. Bonferroni cor- 
rection has been used for multiple comparisons, and 
p<0.0125 has been taken as significant. The results were 
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Fig. 1. Neutrophil count in claudicants (i) and controls (40. Values 
are median (interquartile range). * p<0.01 versus pre-exercise value, 
(Wilcoxon signed-rank test). 
analysed on a personal computer using a commercial 
statistical programme (Astute, Leeds University and 
Microsoft Excel, U.K.). 
Resu l ts  
The demographic data is shown in Table 1. The groups 
were well matched in terms of age and numbers of 
active smokers, although as a group the claudicants 
had a higher number of total pack years per patient 
(30 (0-110), versus 0.5 (0-80), p<0.01) for the controls. 
The median maximum walking distance by the clau- 
dicants was 199m (115-416m). The control group 
walked a median distance of 1667m (1667-1667m). 
Resting and postexercise ABPI was significantly ower 
in the claudicant group compared to controls (Table 
1, p<0.01). Although all patients in our control group 
expressed a subjective sense of fatigue after 15 min on 
the treadmill, one patient described mild calf clau- 
dication after 15 min. This patient completed the full 
20 min of the exercise test and was demonstrated to 
have a unilateral fall in the postexercise ABPI of the 
symptomatic leg (pre-ABPI 1.12, post-ABPI 0.84). As 
she had not previously experienced claudication, she 
remained in the control group for subsequent analysis. 
Three other patients in the control group did not 
manage to complete the treadmill test due to extreme 
fatigue, or symptoms of exhaustion before 20 min was 
reached; their post-treadmill ABPIs did not fall. 
The systemic neutrophil count before and after 
treadmill testing is shown in Fig. 1. The resting neutro- 
phil count was 3.5 (3.01-4.1) x 10 91 1 in controls and 3.6 
(3.1-4.9) x 10 91-1 in claudicants (p<0.5). The neutrophil 
count increased significantly immediately after ex- 
ercise to 4.5 (3.8-5.5)x 10 9 1-1 in the control groups 
and to 4.2 (3.6-5.0)x 10 9 1 1 in the claudicant group 
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Fig. 2. Changes in neutrophil CD11b expression (mean channel 
fluorescence units) before and after exercise inclaudicants (11) and 
controls (~l,). Values are median (interquartile range). *p<0.01 versus 
pre-exercise value. (Wilcoxon signed-rank test); tp<0.01 versus 
increase incontrol value (Mann-Whitney U-test). 
(p<0.01, Wilcoxon signed-rank test), but returned to 
baseline values within 30 min. There was no significant 
difference in neutrophil count between the groups at 
any time point. 
The change in neutrophil CD11b expression before 
and after treadmill exercise is illustrated in Fig. 2. 
There was no difference in the resting neutrophil 
CD11b expression (mean channel fluorescence units, 
m.c.f.u.) in the control group, 2.53 m.c.f.u. (2.17-3.2) 
compared to the claudicants, 2.98m.c.f.u. (2.37-3.9) 
p>0.5. The neutrophil CD11b expression rose sig- 
nificantly immediately after exercise in the claudicants 
by just over 60% to 4.83 m.c.f.u. (4.25-6.39) compared 
to the controls, 2.77 m.c.f.u. (2.26-3.62), and remained 
significantly higher than the control group even at 
60 rain, (3.59 m.c.f.u. (2.77-5.24) claudicants, compared 
to 2.76m.c.f.u. (2.18-3.27) controls), p<0.001). There 
was no alteration in CD11b expression at any time 
point in the control group, p=N.S. 
The serial changes in plasma neutrophil elastase are 
shown in Fig. 3. The pre-exercise values were not 
significantly different at 44.63 ~g/1 (35.48-66.3) in the 
claudicant group, compared to 57.38 ~tg/1 (45.9-66.3) 
in the control group. The levels increased in the clau- 
dicant group to a peak of 86.7 ~tg/1 (63.65-114.98) 
within 5 min of the treadmill test which was sig- 
nificantly greater than the control group 61.84 ~tg/l 
(45.9-81.6) (p<0.001, Mann-Whitney U-test). The in- 
crease in neutrophil elastase in the claudicants re- 
mained significantly elevated, compared to baseline, 
for 30 min (p<0.01, Wilcoxon signed-rank test), before 
returning towards the pre-exercise l vel by i h. There 
was no demonstrable change to neutrophil elastase in 
the control group at any time point, p=N.S. 
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Fig. 3. Changes in plasma concentration ofneutrophil elastase ~tg/1 
before and after exercise in claudicants (E) and controls (#). Values 
are median (interquartile range). *p<0.01 versus pre-exercise value, 
(Wilcoxon signed-rank test); ~ p<0.01 versus increase in control value 
(Mann-Whitney U-test). 
Discussion 
Exercise in claudicants results in progressive lower 
limb ischaemia nd acidosis, 24'25 and is associated with 
muscular fatigue and typical claudication pain. The 
reperfusion of ischaemic tissue leads to a cascade 
of neutrophil mediated events. 26-29 The neutrophil- 
endothelial interaction is a pivotal step for subsequent 
endothelial injury, and provides the signal for neutro- 
phil degranulation, free radical release and discharge 
of the proteolytic enzyme lastase. 3° 
The present study demonstrates the pathological 
nature of neutrophil activation and degranulation i
claudicants. Increased neutrophil activation manifest 
by increased CDllb expression, and degranulation 
manifest by increase in plasma neutrophil elastase, 
occurred immediately after exercise in our claudicants 
and remained elevated for over half-an-hour. As this 
change is both detectable systemically and prolonged 
it is plausible that repeated episodes of neutrophil 
activation and degranulation are likely to occur 
throughout the day in most claudicants. This could 
result in a chronic pro-inflammatory state, endothelial 
damage, and a highly atherogenic environment. 31 High 
levels of neutrophil elastase were found to be sig- 
nificantly related to increasing severity of peripheral 
arterial disease within the population in the Edinburgh 
Artery Study. 32 Further evidence for the significance 
of neutrophil elastase was found in a study by Blann 
et al., 33 that demonstrated a relationship between tissue 
hypoxia, the activation of polymorphonuclear leuko- 
cytes and endothelial damage. 
In our study the results of the control group show 
that muscular fatigue, brought about by exhaustive 
exercise in a population without clinical evidence of 
peripheral vascular disease, is not enough to cause a 
systemic inflammatory response. Although exercise 
did cause a neutrophilia, there was no significant 
change in neutrophil activation or release of proteolytic 
enzymes. Neutrophilia in this group is probably a 
reflection of the intensity of exercise undertaken, and 
has been reported by others. 18'34 
Our study lends evidence for the pathological nature 
of claudication-mediated n utrophil activation and de- 
granulation during exercise in patients with peripheral 
vascular disease; furthermore, it emphasizes the dis- 
parity of the response in claudicants and an age- 
matched population without symptomatic vascular 
disease. The cumulative result of these events could 
enhance atherogenesis and potentiate the early cardio- 
vascular mortality of claudicants. 35 Arterial bypass 
surgery has been shown to reduce the exercise-induced 
system inflammatory response associated with clau- 
dication. 36 The effect of long-term exercise training 
on the systemic markers of neutrophil activation in 
claudicants i unknown. Although some authors have 
raised concerns regarding exercise therapy for clau- 
dication on the basis of similar studies, 11-13 others have 
found conflicting results, 7'3s If we are to continue to 
believe that claudication can be treated in five words, 1
further studies are needed to assegs the effect of ex- 
ercise training programmes on the magnitude of these 
exercise induced changes in claudicants. 
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